Symptomatic kidney stones are a major cause of morbidity and economic loss in the United States. [1] [2] [3] It is estimated that approximately 12% of the United States population will have a kidney stone at some time in their lives, and the recurrence rate is 43-75%. 1, 4, 5 The incidence of kidney stones is rising in the US, Japan, and Sweden. 2, [6] [7] [8] With regard to risk factors for developing a kidney stone, there are conflicting reports on dietary factors as contributors to the high prevalence of kidney stones; these include high intake of protein, salt, oxalate, calcium, and phosphate and low intake of fluids, citrate, magnesium, fibre, and alcohol. 1, 6, 9, [10] [11] [12] A high dietary calcium and phosphate intake have been paradoxically reported as both promoting and preventing symptomatic kidney stones. 1, 7 Thus, the role of diet remains unsettled. A substantial proportion (20-40%) of cases of hypercalciuria and nephrolithiasis has been reported as idiopathic. 1, 9 In view of controversy over dietary risk factors for kidney stone development, we undertook MEDLINE searches for other risk factors for kidney stones. Several studies 4,9,13 suggested a possible explanation for idiopathic hypercalciuria and nephrolithiasis that involves the role of stressful events in simultaneously reducing litholytic urinary constituents (magnesium, citrate), promoting hyperoxaluria and lowering urinary volume. In experimental animal models the concentration and/or excretion of litholytic urinary constituents tends to decrease under the influence of stress.
The incidence of kidney stones is rising in the US, Japan, and Sweden. 2, [6] [7] [8] With regard to risk factors for developing a kidney stone, there are conflicting reports on dietary factors as contributors to the high prevalence of kidney stones; these include high intake of protein, salt, oxalate, calcium, and phosphate and low intake of fluids, citrate, magnesium, fibre, and alcohol. 1, 6, 9, [10] [11] [12] A high dietary calcium and phosphate intake have been paradoxically reported as both promoting and preventing symptomatic kidney stones. 1, 7 Thus, the role of diet remains unsettled. A substantial proportion (20-40%) of cases of hypercalciuria and nephrolithiasis has been reported as idiopathic. 1, 9 In view of controversy over dietary risk factors for kidney stone development, we undertook MEDLINE searches for other risk factors for kidney stones. Several studies 4, 9, 13 suggested a possible explanation for idiopathic hypercalciuria and nephrolithiasis that involves the role of stressful events in simultaneously reducing litholytic urinary constituents (magnesium, citrate), promoting hyperoxaluria and lowering urinary volume. In experimental animal models the concentration and/or excretion of litholytic urinary constituents tends to decrease under the influence of stress. 13 Human studies of 24-hour urine specimens showed that lithogenic urinary constituents (calcium, oxalate and uric acid) have peak concentrations within a 24-hour period after an individual is subjected to stress. 4, 5, 13 In stressful conditions the neurologically triggered 'fight-or-flight' response stimulates neurosecretory cells in the supraoptic and paraventricular nuclei of the hypothalamus resulting in secretion of several hormones, including vasopressin, that cause hypertonic urine and a decrease in urine volume. 5 Adrenocorticotropic hormone (ACTH) is secreted by the anterior hypophysis in response to stress. ACTH stimulates the parathyroid gland to increase production of parathyroid hormone (PTH).
14 Increased production of PTH under stressful event(s) could cause an increase in serum calcium concentrations, with resulting hypercalciuria. 5 Stressful lifestyles have been shown to increase lithogenic urinary constituents (calcium, oxalate and uric acid), with peak concentrations occurring within a 24-hour period after an individual is subject to stress. 4, 5 Based on these reports, we undertook this exploratory study to test the hypothesis that there is an association between stressful life events(s) and symptomatic kidney stones. To our knowledge such a study has not been reported in the medical literature.
METHODS
To test the hypothesis, a case-control study of 200 cases and 200 controls was designed. A person with a confirmed diagnosis of kidney stone was accepted as a case. The diagnosis of renal stones in these patients was confirmed prior to receiving extracorporeal shock wave lithotripsy treatment at the Stone Center of New Jersey in Newark. Subjects were accepted as controls if they were healthy with no history of urinary tract (bladder and/or kidney) stone disease. Subjects were considered as eligible cases or controls if they a) gave written informed consent; b) had no history of peptic ulcer disease; c) had no life-threatening illness (e.g. AIDS, cancer or coronary heart disease); d) had no history of psychiatric treatment; e) had no history of other chronically disabling medical conditions; and f) were not under intensive sedation. For each kidney stone case, one control was selected who was matched with the case for race, sex and age (within 3 years).
A sequential sampling technique was used to recruit 200 consecutive eligible cases and 200 consecutive eligible matched controls in the period 1992-1994. Cases were selected consecutively unless the patients refused to participate; in this case the next patient was selected from the Stone Center patient population. The cases included patients with either first or recurrent stones. About 4% of patients initially selected as cases did not participate in the study because their visit was completed and they refused to wait for the interview. Because the proportion of non-participants was small and sociodemographic differences on the variables known from patients' records between those who participated and those who did not participate were small and statistically not significant, it is reasonable to assume that this small number of non-participating cases did not alter the findings. The controls were healthy individuals who accompanied the patients and were waiting in the Outpatient Department of University Hospital or waiting room in the Stone Center of the University of Medicine and Dentistry of New Jersey in Newark, New Jersey. The controls were selected consecutively using the same procedures as for the case group. Three per cent of the controls initially selected did not have enough time to participate in the study. The demographic information (such as race, sex, and age) of those non-participating controls was not significantly different from the 200 participating controls. Because of the small number of non-participating controls and nonsignificant differences in demographic information, it is also reasonable to assume that the small number of nonparticipating controls did not alter the results.
Face to face interviews of cases and controls were carried out by the same interviewer. A pre-designed questionnaire was used which consisted of socioeconomic and demographic information, dietary history, lifestyle information, history of stressful events, personal past history of kidney stone disease and family history of renal stones. First degree relatives were defined as parents, grandparents, siblings and children. Several stress and dietary questionnaires were reviewed in designing a specific questionnaire suitable for this study. [15] [16] [17] Diet portion size was not taken into consideration, because many subjects did not remember the portion sizes they consumed 2 years prior to diagnosis of kidney stone. All the questionnaire information regarding stressful life events was obtained for 2 years before the recent diagnosis of kidney stones for cases and for the past 2 years for controls. For this study, stressors were defined as those life events that the subjects perceived as highly stressful and inflicted upon them intense emotional impact with apprehension and distress for at least one week. Since, this is an exploratory study no attempt was made to rank individual's stressful events with regard to duration and intensity. Stressful events included both negative and positive episodes. An example of a positive episode is the stress of getting married or having a baby. In addition to the listed questions regarding stressful events, the following open-ended question was also asked: 'Were there any other highly stressful events that worried you or caused you intense noticeable distress for at least one week in duration?' The list of the stressful life events is in Table 2 , which includes 11 categories with 60 subcategories. According to the definition of stressors, a score of one point has been assigned to each of the 60 subcategories of the stressful events, thus permitting an arbitrary total stress score for each individual.
Data Analysis
The sample size of 200 cases and 200 controls provides 88% to 100% power (chance) of detecting a difference of prevalence of a given variable in the case group that would be 10 to 15 (respectively) points higher than the control group at P Ͻ 0.05 using a one-tailed test. To assess the statistical significance of associations between kidney stones and stressful life events, MantelHaenszel χ 2 capabilities of the Statistical Analysis System (SAS) software was used. 18, 19 To test the overall case-control stress score a non-parametric SAS Wilcoxon test was used. 18 Since this is a 1:1 matched case-control study, to control the confounding variables, the conditional logistic regression capabilities of SAS software package were applied. 19 Factors identified as significantly associated with kidney stone (P Ͻ 0.05) were then entered into multivariate logistic regression analyses to identify the independent effects of each variable when the other variables were present in the same model. 18, 20 RESULTS Table 1 shows that cases and controls were comparable with regard to milk and dairy product consumption, meat consumption, smoking, alcohol consumption and past history of kidney diseases. There was no significant difference in the matching criteria (race, sex and age) between cases and controls. The annual family incomes of cases were significantly (P Ͻ 0.006) lower than controls. Table 1 shows that there was a nonsignificant difference in first degree relatives' history of kidney stone between cases (33%) and controls (38%). Family history of symptomatic kidney stone was significantly (P Ͻ 0.0005) more common among controls than cases (Table 1) . Table 1 shows that this could have been because 62% of the controls were relatives of the cases. The relative or friend who accompanied a case had to meet the matching criteria with another case and then was accepted as a control. Thus the matched pair (case-control) had no relationship with each other. Because of such a high percentage of the cases' relatives in the control group, some exposures to stressful events are likely to be more similar between cases and controls than one would expect from using controls not related to any of the cases. If such selection bias exists, the effect of such possible selection bias might be to underestimate the association of stressful life events with symptomatic kidney stones. However, despite the possibility of such underestimates, Table 2 shows that 10 of the 11 categories (91%) and 41 of the 60 subcategories (68%) of stressful events occurred more frequently among cases than controls. Eighteen stressful events had odd ratios of 1.5 or greater. Table 2 also shows that when all 60 subcategories of stressful events are combined, the total number of stressful events among cases was 1428 which was highly significantly (P Ͻ 0.00001) greater than 1177 stressful events among controls. The overall score of the 60 subcategories supported these findings that there was significantly (P Ͻ 0.002) higher prevalence of stressful events among cases than among controls.
The seven variables which were statistically significantly more frequent among cases than controls were entered into a conditional logistic regression model. These variables were: annual family income; worries about symptoms that physicians could not explain; changes in the usual physical activities; personal financial difficulties; renting problems; stressful feelings or emotional problems; and feelings of anger, nervousness or sadness lasting for at least a week. Three of them (annual family income, stressful feelings or emotional problems and renting problems) remained significant in the multivariate logistic regression analyses.
DISCUSSION
Retrospective studies of clinic or hospital patients are always open to bias, and the present study is no exception. Both patients (kidney stone cases) and controls were selected by procedures that were certainly not completely random, and information about the stressful events was obtained by interview and were therefore dependent on the accuracy of their memory and recollection at the time of the interview. However, in this study an effort was made to select the cases and the controls as close to a random procedure as possible by using a sequential sampling scheme. The recall of the stressful events was presumably not a major bias, because it involved only the past 2 years for the controls and 2 years prior to the recent diagnosis of kidney stones for the cases. Intense stressful events whose effects last for at least a week, usually inflict an emotional impact upon a person that can be remembered for many years. A degree, rank or scale was not assigned to the stressful events, because these are each individual subject's perception of the intensity of the stressful events. The perception of degree and intensity of stress associated with an event vary from one individual to another. A stressful event for one person may not be stressful for another (for example getting married or having a baby). All the stressful events preceded the diagnosis of kidney disease. Therefore, the circular argument that the disease led to stress and stress led to kidney stones does not apply.
This case-control study provided no support for the belief that the risk of symptomatic kidney stones is higher among a more affluent socioeconomic group or people with higher consumption of meat and/or calcium from dietary sources or with lower consumption of alcohol. 1, 4, [6] [7] [8] 12 On the contrary, the annual family income of the cases was significantly (P Ͻ 0.006) lower than controls. Our findings contrast with what might be expected in that kidney stones are more common in industrial countries where there is greater consumption of protein and dietary calcium. [21] [22] [23] However, the results of our study do support a study indicating that diet and protein consumption did not correlate with the incidence of renal stones in 72 areas in England and Wales. 11 Our data also suggest that milk and milk product consumption as the major dietary source of calcium, did not increase the risk for kidney stones. Other studies have supported reports that higher dietary calcium does not increase the risk of symptomatic kidney stones. 1, 7 In contrast to previous reports, 7,12 the present study found no association of alcohol consumption with kidney stone.
The choice of relatives or friends as controls creates the potential for selection bias. We attempted to compensate for this by matching relatives or friends of given cases to other cases, so that in the matched pairs analysis, no case was matched with a relative or friend. The significant association between the symptomatic kidney stone and stressful events has been detected despite the fact that in the control group, there were some close relatives of the cases who presumably shared the stressful events. The net effect of such a high prevalence of exposure to the risk factor among the control group is that the true risk of the symptomatic kidney stone association with stressful events may be underestimated. There is also a possibility that in the pool of relatives and friends there is a bias towards selecting people with less stress thus causing an overestimate of the role of stress. However, it is worth noting that 200 controls had 1177 powerful stressful events, that is an average of six stressful events per control during the 2-year period. This showed that the controls were not unstressed. Since the average annual number of stressful events among the American general population has not been surveyed, we cannot state whether the average annual stressful events of the case and control groups in this study are above or below the American general population. We are hoping that our samples of cases and controls are random enough to represent the American general population.
CONCLUSION
This study suggests that the overall prevalence of stressful events during the 2 years prior to diagnosis of symptomatic kidney stones among cases, was a risk factor for those stones. If stress does indeed promote symptomatic kidney stones, there are some biologically plausible mechanisms. 4, 5, 9, 13, 14 Our results are impressive enough to warrant additional investigations. Stress has been implicated as an important factor in coronary heart disease and a variety of other illnesses. If the results of this preliminary study are confirmed, it would add another disease to the list of those influenced by stress and provide more compelling reasons to include stress detection and management as one component of regular health promotion/disease prevention examinations.
